We studied the effects of the timing of tourniquet release in 88 patients randomly allocated for release after wound closure and bandaging (group A), or before the quadriceps layer had been closed allowing control of bleeding before suture (group B). The groups were similar in mean age, weight, gender, preoperative knee score, radiographic grading, and prosthesis implanted.
The use of a tourniquet may cause muscle and nerve damage. [1] [2] [3] Some recent studies have shown advantages in surgery of the limbs without the use of a tourniquet, 4,5 but it seems likely, for both practical and traditional reasons, that its general use will continue. Salam and Eyres 5 reviewed 80 patients with a total knee arthroplasty who were randomly selected to have the operation under a tourniquet which was released after wound closure and compression bandaging, or without its use.
Patients operated on without a tourniquet had no increase in overall blood loss, suffered less postoperative pain, achieved earlier straight-leg raising and flexion, and also had fewer wound and thrombotic complications. They could find no clear explanation for the better results in the nontourniquet group. Reactive hyperaemia after tourniquet release is reported to cause a 10% increase in limb size. 6 If this occurs after wound closure and compression bandaging, bleeding will compound the problem, increasing tissue pressures until tamponade occurs. We investigated whether the advantages reported for tourniquet-free knee surgery could be obtained by releasing the tourniquet and achieving haemostasis before the quadriceps mechanism and skin were closed. This timing was investigated by Burkart et al, 7 who randomised 100 consecutive TKAs for tourniquet release with haemostasis before closure and application of compression bandage; or release after this. They found no difference in overall measured blood loss during operation and in the postoperative drainage, but they did not assess the complications or early function after operation. We combined the protocol of Burkart et al with the outcome measures of Salam and Eyres with the aim of clarifying the reasons for the reduced postoperative complication rate and improved early functional recovery when the tourniquet was not used.
PATIENTS AND METHODS
We performed TKAs on 88 patients. We excluded those who were diabetic or who had previous open knee surgery. After insertion of the prosthesis the patients were randomised by a sealed-envelope system into two groups. In group A the quadriceps mechanism and skin were closed, and bandages were applied before tourniquet release. In group B the tourniquet was released and haemostasis achieved before closure and bandaging. The first author was not involved in the surgery, but with physiotherapists, was responsible for the postoperative assessment of patients. Information regarding group allocation was kept in theatres and was not available to the assessors or patients.
Thirty of the 44 patients in each group had spinal anaesthesia, using 5 ml of 0.5% bupivacaine and 0.5 mg of diamorphine injected intrathecally after induction of general anaesthesia. The other 14 patients in each group did not have spinal anaesthesia because of the preference of their anaesthetist. Postoperative pain control was by boluses of 7.5 to 10 mg of morphine given intramuscularly following a standard protocol. Operative technique. Cephradine 1 g was given intravenously at induction of anaesthesia and two further doses of 500 mg postoperatively. A pneumatic tourniquet was placed around the thigh, and inflated to twice the systolic blood pressure after elevation of the limb for two minutes. 8 The prostheses used included: Press-Fit Condylar (Johnson and Johnson Medical Ltd, Bracknell, UK); Anatomical Modular Knee (DePuy International Ltd, Leeds, UK); and Insall-Burstein Mark II (Zimmer Ltd, Swindon, UK). These were implanted using a standard technique through a midline incision. Cut bone surfaces were cleaned by pulsed irrigation before the prostheses were fixed with cement. On the completion of this stage the patient was randomised for group but no record was made in the hospital notes.
In both groups, the quadriceps mechanism was closed with absorbable sutures over two suction drains. Clips were used for the skin. A wool and crepe bandage was then applied and retained for 48 hours, when the drains were removed. The total operating time was recorded.
We did not use continuous passive motion during the first ten postoperative days. Anticoagulant therapy (Clexane 20 mg once daily) was started in the evening after surgery and continued until the patient was fully mobile. Clinical assessment. Before operation, all patients were weighed and graded for knee pain and function using the hospital for Special Surgery (HSS) score; 9 the radiographs were assessed according to the classification of Holden et al 10 (Table I) .
Postoperative pain was measured for all patients on the standard analgesia regime by ward nursing staff using a linear analogue scale at four hours after operation, and the total number of morphine injections required in the first 24 hours was also recorded.
The decrease in haemoglobin concentration from before operation to 48 hours after was calculated, as was information regarding requirements for blood transfusion. The time to achieve straight-leg raising with less than 10° extension lag, and the range of active knee flexion at five days, ten days and six weeks were documented by physiotherapists. The wound was inspected at five and at ten days postoperatively by the first author. Any excessive swelling of the knee was also recorded. Statistical analysis. Data were analysed using the MannWhitney U test, the chi-squared test, and Student's t-test (Tables II, III and IV) . P values less than 0.05 were considered to be significant.
RESULTS
The groups were similar in respect of age, weight, gender, HSS score, radiographic grade, diagnosis, and ratio of prosthesis employed (Table II) . The operating time was similar for both groups. The pain scores for patients in group B were significantly lower than those of group A (median scores 1 and 4 respectively; p < 0.001). There was no significant difference in the number of injections required in the two groups but two patients in group A required more than the intramuscular opiate in the standard protocol and were given continuous intravenous opiate infusions to control their pain.
Patients in group B were able to perform straight-leg raising significantly earlier than those in group A (mean 2.8 days and 5 days, respectively; p < 0.00001). At five days, the mean range of flexion in patients in group B was 60° as against 55° for group A, but this difference was not statistically significant. At ten days and at six weeks the mean ranges of flexion were similar in the two groups.
At 48 hours, the decrease in haemoglobin concentration was similar in both groups, whether or not they had received perioperative blood transfusions. The patients in group A had a mean postoperative stay of 16.3 days as compared with a mean of 13.8 days for group B; this difference was not statistically significant (Table III) . Complications. In group A, 13 patients suffered minor wound complications such as continued oozing after ten days, erythema, cellulitis, or minor dehiscence, as opposed to six in group B (p = 0.04). Nine patients in group A had excessive swelling compared with two in group B (p = 0.02).
No patient in group B had to return to theatre. In group A, three patients required manipulation under anaesthesia for delay in achieving active knee flexion, and one needed secondary suture under anaesthesia for a major wound dehiscence. One other patient in group A required drainage of a haematoma under anaesthesia; this patient later developed a deep infection which was treated by a two-stage revision (Table IV) .
DISCUSSION
We found a reduction in complication rate in our early release group, which was similar to that reported by Salam and Eyres 5 using no tourniquet. Our results showing reduction in postoperative pain and earlier straight-leg raising after early tourniquet release and control of bleeding also seemed to mirror their findings for tourniquet-free surgery. It is difficult for physiotherapists to mobilise patients safely before they have achieved straight-leg raising, and this therefore was an advantage over the late release group. We did not find a significant improvement, however, in early range of movement. Two previous studies have shown that release of the tourniquet does not affect overall blood loss during total knee arthroplasty. 7, 11 We did not formally assess this aspect, but the similar decrease in haemoglobin concentration in both groups tends to support this view.
11
Our study has extended the findings of Salam and Eyres. 5 A reduction of the tissue tension after operation is achieved by releasing the tourniquet and achieving haemostasis before closure, but reactive hyperaemia and continued bleeding until tamponade will have occurred in the patients in both our groups and in Salam and Eyres' groups. The removal of one of the causes for excessive increase in tension has been shown to achieve some of the benefits of tourniquet-free surgery without losing its benefits during the implantation of the prosthesis. Anaesthetists prefer to be able to estimate the total blood loss before the patient leaves theatre, and a further advantage of early tourniquet release is that most of the loss occurs before wound closure, while the patient is still under the direct control of the anaesthetist, and not at a later stage during recovery.
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